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“NO START” PROBLEMS

Every day countless motorists get into their cars, turn the key in
the ignition and hear something go “CLUNK"™ or “WHIRR"”
under the hood und suddenly realize the engine isn’t turning over.
They have starter troubles.

To the motorist a faulty starter is a very serious problem. There
is practically nothing he can do to make a temporary repair and
if his car can’t be started with a push, he will have to have it
towed to the garage. So, il a man arrives at the shop in the front
seat of a tow truck with his car in tow, take pity and assure the
man you have what it takes to get him back on the road in a
hurry.

Finding The Trouble...

To find some starter troubles you have to play it by ear—listen
to what's happening. You can get down to the real problem a
lot quicker if you know what the “"CLUNK" and “WHIRRING"
or "HUMMING" sounds mean.

Use the steps outlined in the chart on the next page to help you
find the trouble:

Figure 1—Autolite Solenoid Actuated Starting Motor



I.]iagnosis And Testing

STARTER WILL NOT CRANK ENGINE—ROAD MAP

CHECK THE BATTERY AND STARTER CABLES FOR GOOD ELECTRICAL CONTACT

LOOK FOR BROKEN OR CORRODED CONNECTIONS. IN PARTICULAR ASSURE GOOD

* GROUND CONMECTIONS. CLEAN AND TIGHTEN THE CABLE CONNECTIONS A5 NECESSARY.
CHECK THE BATTERY SPECIFIC GRAVITY

!

1

BATTERY SPECIFIC GRAVITY OK

BATTERY SPECIFIC GRAVITY LOW

|

# PERFORM THE BATTERY TESTS. CHARGE OR REPLACE THE
BATTERY AS NECESSARY.

& CHECK THE STARTER RELAY. OPERATE THE STARTER [IGNITION) SWITCH.

!

! !

RELAY RELAY DOES LSTARTER SPINS, BUT WILL NOT CRANK ENGINE
CLICKS NOT CLICK :
= _—
l—J - WHENE vﬂil:lgoEssc:)aPtEi.A:Egh?\gNm::rC&ND OBSERVE
PLUNGE L I VEHI A
BY-PASS THE RELAY Witk a | BY:PASS THE IGNITION SWITCH, DO NOT DAMAGE EXPOSED SWITCH DURING
® HEAVY JUMPER CABLE ¢ (DEUIIAL START SWITCH AND STARTER INSTALLATION OR REMOVAL.
POLE SEATS POLE REMAINS IN
IN FRAME DISENGAGED POSITION
| ’,___[
l 1 REMOVE STARTER AND REPAIR.
CHECK ENGAGING CIRCUIT
WITHIN STARTER AS NECESSARY
[ HARSH NOISE l MOTOR FREE SPINS [SWITCH CONNECTIONS, CONTACTS, ETC.)
#« INSPECT RING GEAR AND & REPLACE STARTER DRIVE
PINION FOR MILLED TEETH,
) -y 1

ENGINE CRANKS

ENGINE WILL NOT CRANK

ENGINE WILL NOT CRANK

ENGINE CRANKS l

* REPLACE RELAY

e

BY-PASS RELAY WITH A

—

CHECK THE WIRING TO THE IGNITION =

® SWITCH, MEUTRAL START SWITCH [ HEAVY JUMPER CABLE.

AND WIRING TO STARTER RELAY.

f L] i
STARTER OPEN STARTER NORMAL, [eNGINE wilL NOT CrANK | [ ENGINE CRANKS |
OR SHORTED ENGINE LOCKED UP T

I REMOVE AMD TEST THE

STARTER. REPAIR AS
REQUIRED

‘ % REPLACE RELAY

i 1
STARTER OPEN STARTER NORMAL,
OR SHORTED ENGINE LOCKED UP

|

« FREMOVE AND TEST THE
STARTER. REPAIR AS REQUIRED

* ENGINE PROBLEM,
REPAIR AS REQUIRED

ENGINE PROBLEM
REPAIR AS REQUIRED.

Figure 2

REMEMBER! Ask the customer as many questions as you can

about the problem—the answers may help you solve it quicker.




STARTING SYSTEMS. .. How They Work

The starter is really an electric motor built to turn with 2 lot
of force for a short amount of time.

The starting system has five parts to it.
BATTERY

STARTER RELAY

STARTER

IGNITION SWITCH

* NEUTRAL SWITCH

The battery supplies the electricity needed to run the starter
motor.
The starter relay works like an ON and OFF switch and starts
and stops the flow of electricity from the battery to the starter
motor.

The ignition switch is the control center for starting the car.
When it is OFF, the car cannot be started because the ignition
circuit is open and electricity is stopped, at the switch, from
flowing through the system.

When the ignition switch is turned ON, it lets the electricity
flow through the switch to complete the circuit. When the
switch is turned past the ON position to the START position,
it closes a separate circuit which makes the starter relay click
ON and lets electricity from the battery reach the starter
molor.

The NEUTRAL switch is really a safety device. It prevents
the car from being started while the car is in gear.

this is what happens:

A.Electricity from the battery
runs through a heavy cable to
a post on the starter relay.

STARTER RELAY

When the ignition switch is turned to the START position,

B.A smaller wire runs from the
same post to the ignition switch.

C. When the ignition switch is
turned to START position the
electricity travels through the
switch to the NEUTRAL switch.

IGNITION SWITCH

NEGATIVE

7 A (0
POSITIVE ye

BATTERY CABJE

BATTERY

the starter motor.

STARTER

1O IGNITION COIL

D.When it reaches the starter relay the electricity
energizes a small electro-magnet which in turn
closes a switch. When the switch is closed it lets
the electricity from the battery continue to flow to

NEUTRAL 5WITC

E.If the NEUTRAL switch is open the
electricity will stop there. If the switch
is closed the electricity will continue
through the switch and back to the
starter relay.

Figure 3—Starting System



I}iagnosis And Testing

STARTING MOTORS

Beginning in 1968, Thunderbirds equipped with the new
429 CID engine. Lincoln Continentals equipped with the
460 CID engine, and all Lincoln Continental Mark 111
models use a new Autolite solenoid actuated starter
(figure |, page 2).

Operation

When the ignition switch is turned to START, the starter
relay supplies voltage to the solenoid. Two separate wind-
ings—a “pull-in” coil and a “hold-in” coil-energize the
solenoid. This draws the plunger into the coil windings,
moving the shift fork to slide the drive pinion into mesh
with the flywheel ring gear. As the plunger nears the end
of its travel, it presses against a spring loaded pin attached
to a contact plate. The contact plate completes the circuit
to the starting motor . . . only after the pinion gear is
engaged. The plunger also closes a set of contacts that
bypass the pull-in coil, to energize the hold-in coil. Wher
the ignition switch is released. the spring loaded pin pushes
the plunger out of the solenoid coils and breaks the circuit
to the starting motor

STARTER SOLENOID

REAR -{mu&mﬁ

FRONT END PLATE
Figure 4—Cortina Starter

Cortina models also use solenoid type starter (figure 4).

All other 1968 Ford-built cars and most other late model
vehicles use the Autolite starter shown in figure 5. Like the
other Autolite starter, it is a four-brush, four-pole, four-
field, series wound unit. Operation is similar, except for the
method of engagement.

Operation

Instead of using a separate solenoid atop the starter to
activate the engagement mechanism, this unit uses one of
its four field coils as a “pull-in™ coil. It's located directly
below a movable pole, and also contains a fine winding
that serves as a “hold-in™ coil (figure 6).

Turning the ignition switch to the START position causes
current to flow through the “pull-in™ coil to the ground
contacts, This creates a strong magnetic field around the
“pull-in™ coil. The magnetic field pulls the movable pole.
which is part of the shift lever, downward to its seat. This
movement, in turn, causes the lever fork to slide the drive
pinion gear into engagement with the engine flywheel
ring gear.

When seated, the movable pole functions as a normal field
pole and the “pull-in” coil functions as a normal field coil.
An extension of the movable pole lever opens the ground
contacts. With the contacts held open, equal current flows
through all the field coils and the armature begins to rotate.
In order to maintain drive engagement during cranking.
the “hold-in" coil assists in keeping the movable pole seated
to the frame and the contacts open.

Releasing the ignition key opens the circuit in the starter
relay. This releases the starter drive actuating lever and the
movable pole, which disengages the drive pinion from the

}‘J;’.‘H‘q .': Awtolite Starting Mator

FOLE SCREW—,
~THIL BOLTS — COVER BArD "

INSULATED
BRUSHES

FARTING. MOTOR

Figure 6 —Exploded View of Typical Starter

STARTER SPECIFICATIONS

ard Positive Engagement *
4.5 inch Dhameter 150-200 250-290 15.5 670 70
4.0 inch Diameter 150-200 250.290 90 460 10

Maximum starting circull voltage diop (battery -+ terminal to starter terminal ¢ normal engine temperature: =05 voll

Maximum Commutator runout is 0,005 inch,



CAUTION: Be certain the transmission selector lever is in the “P” or “N™ position
(automatic transmission) or NEUTRAL position (manual transmission) and the hand
brake is “set” prior to performing any starting system tests that require engine cranking.

TESTS

A thorough visual inspection of the starting system components
should be made prior 10 any component replacement or test
procedures.

Inspect the starter and battery cables for clean and tight con-
nections at the battery, starter relay, starting motor, und battery
ground. Inspect the starting system cables and wiring for a
possible grounded or open condition.

Battery Tests

The battery must be fully charged before performing starter
system tests. Use a temperature corrected hydrometer to check
the state of charge. Figure 7 shows specific gravity readings
for percents of discharge.

SPECIFIC GRAVITY
60-1.280

STATE OF CHARGE

; 009 CHAR
1.230-1.250 75% CHARGED
1.200-1.220 50% CHARGED
1.170-1.190 250 CHARGED
1.140-1.160 VERY WEAK
1.110-1.130 DISCHARGED

Figure 7—Specific Gravities for Percents of Discharge

In addition to the specific gravity test. a capacity test may be
necessary if there is any doubt about the battery’s ability to
deliver current. A specific gravity test by itself will not do
because it only measures the strength of the electrolyte. Only
a capacity test actually measures the battery's ability to deliver
current by putting a load on it.

Capacity Test—Connect the appropriate leads of 4 Battery-
Starter tester with a fixed load or carbon pile resistor and a
voltmeter to the battery posts (figure 81 Be sure the voltmeter
clips are connected DIRECTLY to the battery posts, and not
to the battery tester clips.

Turn the control knob of the carbon pile resistor, if so
equipped, until the ammeter reads three times the ampere-hour
rating of the battery. (A 45 ampere-hour battery should be
tested at 135 ampere load.) Hold for 15 seconds (NO
LONGER) und note the voltage, If the voltmeter reads 9.6
volts or more for a |2-volt battery (4.8 volts for a 6-volt
battery), the battery has sufficient output capacity, and should
be considered okay, However, if the specific gravity is below
1.230 it should be recharged. If the voltage is less than 9.6
(4.8 for a 6-volt battery). recharge and retest the battery.
If the specific gravity reading between any two cells differs
more than 30 points (.050), the battery will probably have
1o be replaced. - ER

Figure 8—Battery Capacity
Test Connections

Circuit Resistance Tests

Before making any circuit resistance tests, disconnect and
ground the high tension lead from the ignition coil to prevent
the engine from starting.

Battery-to-Starter—Connect the positive lead of a voltmeter
to the positive battery post (figure 9). Connect the voltmeter
negative lead to the starting motor terminal. Crank the engine.
A voltmeter reading in excess of (.5 volts indicates excessive
resistance. :

Figure Y—Battery-to-Starter

Circuit Resistance Test

Battery Side of Relay to Battery—Connect the positive lead
of a voltmeter to the positive battery post (figure 10). Connect
the negative voltmeter lead to the battery terminal of the relay.
Crunk the engine. A voltmeter reading in excess of 0.1 volts
indicates excessive resistance.

P

Figure 10—Circuit Resistance Test—

Battery Side of Relay to Battery

Starter Side of Relay to Battery—Connect the positive lead
of a volimeter to the positive battery post. Connect the volt-
meter negative lead to the starter terminal of the relay. Crank
the engine. A voltmeter reading in excess of 0.3 volts indicates
excessive resistance.

Ground Circuit—Connect the negative lead of a voltmeter
to the negative battery post. Connect the voltmeter positive
lead to the starter frame. Crank the engine. A voltmeter read-
ing in excess of 0.1 volts indicates excessive resistance.

If the voltmeter readings are higher than those specified in
any of the preceding tests, look for loose and/or corroded
connections and defective components in the part of the cir-
cuit under test.




Diagnosis And Testing

Current Draw Test

Set the rheostat (carbon pile) at maximum resistance—
tully counterclockwise position. Connect the positive lead
of an ammeter to the positive battery cable clamp (figure
11). Connect the negative lead of the ammeter to the nega-
tive battery cable clamp. Connect the positive voltmeter
lead to the battery positive post and the negative lead to the
negative post. Crank the engine und carefully observe the
voltmeter reading.

Stop crunking the engine and reduce the resistance of the
carbon pile rheostat (turn load control clockwise) until
the voltmeter indicates the exact same reading as that ob-
tained while the starting motor cranked the engine.

The ammeter will indicate the current draw of the starter.
If the current draw does not meet specifications, remove
the starter for repairs.

Figure 11—Starter Load Current Draw Test
Starter and Starter Drive Tests

Operate the ignition switch and listen for starter noise. If
the starter rotates or makes a distinct clunk, but will not
crank the engine, the drive is defective. Whenever possible.
remove the plunger cover and observe the plunger pole
operation on the vehicle. Do not damage the exposed switch
during starter installation or removal.

Temporarily connect a heavy jumper wire from the battery
positive terminal to the starter terminal of the starter relay
(figure 12. connection =1 ). If the starter will not crank
the engine, the starter is defective. Repair or replace the
starter.

NORMAL-STARTER DRIVE MILLED STARTER DRIVE

BaTTERY ]
TOALTERSATON QU1 1

STARTES RELAY

STANTER

________ AUT o T
TRANSMEON

STARTER NEUTRAL SWITCH

B Biuw btiipe

------ STARTES SWITCH
1OM HGNITION SWITCHI

1O BATTERY
Figure 12—Starting Control Circuit Tests

Drive Pinion and Ring Gear Wear—When a starter is
repaired or replaced, the entire ring gear should be
thoroug inspected for tooth damage. Damaged ring gear
repeat starter malfunction, The repeat
tarlure will not necessarily occur immediately following the
starter repair or replacement. The degree of the ring gear
tooth damage will determine the time interval before a
recurrence of the starter malfunction.

Remove the starter and examine the drive pinion for milled,
chipped. cracked and/or bent teeth. Examine the entire
ring gear for broken or milled teeth and wear pattern. The
wear pattern must penetrate to a depth greater than Y2 the
tooth depth. Normal wear shown in figure 13.

A wear pattern of less than 'z the tooth depth, or a round-
ing and galling condition of the ring gear teeth indicates
insufficient engagement into the ring gear. Replace all ring
gears that show broken or milled teeth, or evidence of in-
adequate engagement,

Six cvlinder engines will show a concentrated wear pattern
on three equally spaced areas of the ring gear teeth. Eight
cvlinder engines will show a concentrated wear pattern on
four equally spuced areas of the ring gear teeth. These wear
patterns are normal, and result from the engine stopping
in defimte positions because of engine compression and
triction,

leCln Can cause

MORAAL RING GEAR

MILLED TOOTH
METAL BUILDUP
WILL NOT PERMIT
ENGAGEMENT

NORMAL WEAR PATTE Mt
1 1 TOOTH E#te

VIEW B

Figure 13—Starter Drive Pinion and Flywheel Tooth Damage



STARTER TROUBLE

Diagnosis And Testing.....

Starters should be installed only according to the following

sequence:

1. Insert the starter into pilot hole, making sure that the
starter housing pilot completely enters the pilot hole for
a full 3607, Also, be sure that the starter housing face 15
square and tight to the engine rear cover plate (figure 14).

2. Hold the starter in position and install the top bolt.
Tighten bolt enough to hold the starter in the pilot hole.

3. Install and tighten lower bolt. Then tighten top bolt. On
three-ear mount starters, tighten the middle bolt last,

PILOT HOLE

STARTER HOUSING PILOT

ENGINE REAR COVER PLATE

FACE OF STARTER HOUSING MUST MAKE
CONTACT WITH MOUNTING PLATE

Figure 14—Starter Installation

Starter Relay Tests

Connect a heavy jumper cable from the battery terminal
of the relay to the starter terminal of the reluy (figure 12,
connection #2). If the engine does not crank, the starter
relay probably is at fault.

If the starter relay is suspected of intermittently sticking
and causing the starter drive to remain engaged, attempt to
repeat the condition by re-starting the e¢ngine. If the engaged
drive condition can be accomplished, allow the engine to run
at idle with the starter engaged and lightly tap the starter
relay with a screwdriver handle. Disengagement of the drive
would indicate a defective relay. If the drive remains en-
gaged, replace the starter relay.

CAUTION: Do not accelerate the engine or let it run for
an extended period of time with the starter engaged.

Starter Control Circuit Tests

On vehicles equipped with an automatic transmission, con-
nect a jumper from the battery terminal of the relay to relay
side of the neutral start switch (figure 12, connection #3).
If the engine does not crank. the wiring hetween the neutral
start switch and the relay is at fault. If the engine cranks.
connect a jumper from the battery terminal of the relay to
the starter (ignition) switch side of the neutral start switch
(figure 12, connection #4). If the engines does not crank,
the neutral start switch is out of adjustment or defective. If
the engine cranks, check for voltage at the battery terminal
of the starter (ignition) switch. If no voltage exists, the

ignition switch is at fault. If voltage exists, substitute a
known pood switch, or bypass the ignition switch. If the
engine stll will not crank, the trouble is in the wiring or
connections between the ignition switch and the starter
neutral switch.

Neutral Start Switch Tests

(Except Mechanical Lock-out Type)

On vehicles equipped with an automatic transmission, apply
the brakes and attempt to start the engine while moving the
transmission selector lever through all ranges. This may
determine if the problem is caused by a maladjusted or
defective neutral start switch.

Place the selector lever in “N™ or “P" and set the brakes.
Remove the neutral start switch connector block and con-
nect a jumper between the two red-blue stripe wires. If the
engine will not crank, the neutral start switch is defective.
Replace the switch.

In cases of starter drive and/or ring gear damage on auto-
matic transmission equipped vehicles, check the neutral
start switch adjustment. If this switch is out of adjustment,
or faulty, the rolling movement of the engine from initial
starting torque reaction can cause the switch to open and
close, thereby making and breaking the control circuit. This
permits the drive to disengage and re-engage while the
engine is being cranked (causing a chatter or machine-gun
type sound) and eventually will result in destruction of the
starter, starter drive and/or ring gear.



Pacemalker 70
Your Passport to Travel Unlimited!

Here are four great ways to use Pacemaker
Prize and Travel Points to make your
vacation dreams become a reality!

Take yvour
family on a
Pacemaker Adventure. Just let Pace-
maker Travel Headquarters know of
vour plans and they will handle all the
details. A letter describing your desires
puts this valuable service to work on
your best vacation ever!

PACEMAKER ‘7(

‘ L
Freeport, Grand Bahama Island—Trip Dates-
From New York, Oct. 30—Nov. 2, 1970
Chicago, Nov. 2—Nov. 5, 1970

From

Program includes: Deluxe accommoda-
tions at the Kings Inn & Golf Club for
three nights based on double occupancy
of rooms, three meals a day, all transfers
and applicable taxes, charter airfare from
New York or Chicago and return and
special activities (play at meticulously
manicured golf courses: go after the big
ones in spacious deep-sea cruisers manned
by professional fishermen; join a sight-
seeing tour and soak up the local color,
etc.), Calypso Party and show with
cocktails in the Bahamia Club. Don't miss
this island in the sun vacation bargain.

“OME TRAVEL WITH US!

MILI

Found that dream

spot? OK. Now, let
Pacemaker Prize and Travel Points
cover the cost of your air fare. Pace-
maker can take you anywhere . . . from
Boston to Bermuda, from Britain to
Bombay. Get moving . . . hitch a ride
on a madecap merry-go-round!

HOLIDAY INN
CERTIFICATES

Just the thing for a week-
end trip or a month's
vacation. Holiday Inn
Certificates mayv be purchased with
Pacemaker Prize and Travel Points
and are redeemable for food, bever
ages and lodging at over 1,000
Holiday Inns around the world!

Only 1,000 points per couple!

Jamaica Trip Dates — From
New Orleans. Oct, 28 — Oect.
31, 1970

Program includes: Deluxe
accommodations at the

Jamaica Hilton Hotel for

Honolulu—Trip Dates—From Los Angeles, Oct. 26—
Oct. 29. 1970

Program includes: Deluxe accommodations at
the Ilikai Hotel for three nights based on double
occupancy of mountainview rooms, three meals

three nights based on double
occupancy, three meals a
day, all transfers, applicable
taxes, charter airfare from
New Orleans and return
and special features includ
ing a welcome cocktail
party, excursion to Dunn’s
River Falls, Beach Party.
and show at the Jamaica
Plavboy Club with cocktails.

INQUIRE AT OUR PARTS COUNTER

HOW PACEMAKER POINTS CAN BE EARNED

a day, all transfers, applicable taxes, charter
airfare from Los Angeles and special features
including “Welcome™ buffet dinner with open
bar on the first evening, “Picnic in Paradise”
rental car program, Kamaains Dinner at the
Roval Hawaiian Hotel, Lunch at Fisherman's
Wharf. Pearl Harbor Cruise and Luau at the
Hawaiian Village Hotel, We promise vou
exotic native foods, authentically prepared . . .
the food alone will make this trip one you'll
never forget!

FOR TRAVEL INFORMATION WRITE TO :
Pacemaker Travel Headquarters
24370 Northwestern Highway
Southfield, Michigan 48075
Telephone: (313) 353-4515



Autolite SPARK PLUG / TUNE-UP KIT
BENRUS WATCH BONUS PAKS

Autolite offers you a really choice deal!
You can buy an Autolite Bonus Pak that includes the
$100 Benrus Watch of your choice plus 20

Autolite Spark Plugs or 2 Autolite Tune-Up Kits

for 1969-70 GM applications for $34 orless . . .

when you qualify by ordering any 200 Autolite Spark
Plugs or 20 Autolite Tune-Up Kits at your regular
prices or...you can buy an Autolite Bonus Pak that
includes the $40 Benrus Watch of your choice

plus ten Autolite Spark Plugs or one Autolite Tune-Up
Kit for 1969-70 GM applications for $17 or less . .. when
you qualify by ordering any 100 Autolite Spark Plugs
or 10 Autolite Tune-Up Kits at your regular prices.

Order the Spark Plugs or Tune-Up Kits

of Your Choice to Qualify! g
You can choose any Autolite Spark Plugs or any Autolite

Tune-Up Kits that you want to qualify for the

Autolite Benrus Bonus Pak of your choice. Pick the types

that fit your market and your business best. And

remember, you pay your reqular price for the

qualifying order so you make your tull profit margin.

You Can Recover Your Entire Cost for the Bonus Pak!
For example, if you select the Autolite Benrus Bonus Pak
consisting of the Benrus Technipower electronic
calendar watch and two Tune-Up Kits, you pay only the
list price for the two kits! When you sell the two

Tune-Up Kits to your customers, you recover

your entire cost for the $100 Watch and the two kits!

Autolite Benrus Watch Bonus Paks are the Choice
Deal of the Year. So stock up on Autolite

Spark Plugs and Autolite Tune-Up Kits now. There
will never be a better time.

ask for details
at our parts counter...



...Featuring BENRUS ELECTRONIC
and Lady’s Diamond Watches

Benrus Watches are world-famous for
exceptional quality and styling . . . and now
you can own one for a lot less than

you may have ever thought possible! Because
Autolite and our parts department

have a very special offer for you.

Autolite Benrus Watch Bonus Paks!

Take Your Choice...

$100 BENRUS WATCH BONUS

A. Benrus Fair Lady Diamond

Fitfor aqueen...two dazzling diamonds in

an exquisite florentine white gold case. 17-jewel
Swiss-made movement. Guaranteed by Benrus.
Retail value—$100.00

B. Benrus Technipower

Through advanced space-age technology, an
amazing transistorized electronic calendar watch
—99.99% accurate! This precise timepiece is
self-powered by a miniature energy cell.
Guaranteed by Benrus. Retail value—$100.00

$40 BENRUS WATCH BONUS )

C. Benrus Sea View Calendar

Rugged 17-jewel calendar watch with unique
see-through crystal back. Guaranteed by Benrus.
Retail value—$40.00

D. Benrus Lady Phyllis
A 17-jewel beauty with sculptured yellow gold case.
Guaranteed by Benrus. Retail value—$40.00




Comebacks can
be beautiful...!

— A “Comeback’ can be beautiful when a regular

‘ customer reports, "It runs great!” . . . or comes back
for other services.

If it's a Ford-built car or truck, there's one easy way

to be sure the job is always right. Replace with
Authorized Remanufactured Ford Parts. Every
replacement part is remanufactured to Ford standards
of reliability . . . not just “‘rebuilt.” They're 100%
performance tested, not just spot checked . . . and
they carry a new-part warranty.

Use the “‘Beautiful Comeback’ parts from your Ford,
or Lincoln-Mercury dealer.

NATIONAL WARRANTY

Every Remanufactured Ford Part is warranted nationally by Remaﬂmacmred

the Remanufacturer to be free of defects in materials and

workmanship for 90 days or 4000 miles from date of installa-
tien, whichever occurs first, Complete OHV engine assem-
blies are warranted for 12 months or 12,000 miles on
passenger vehicles, and 6 months or 12,000 miles on trucks,
whichever occurs first. This Warranty includes parts replace-

ment plus related labor.

Ford and Lincoln-Mercury dealers will honor this warranty H ”
anywhere in the country. EI'IQII'IGB Parts




STARTER MOTOR

Overhaul Procedures

REPAIR OR REPLACE?

A faulty component just about always presents the auto-
motive technician with the problem: repair or replace it?
Parts do wear out, and when they do, replace them. But
replacing parts that can be repaired can result in an unnec-
essary cost to your customers—a practice that builds neither
confidence nor goodwill. You can avoid this pitfall by taking
a little time to inspect each part before deciding how to cor-
rect the problem.

For instance, the following list illustrates three types of
starting motor problems and the most common causes. Most
starters can be repaired with Autolite starting motor com-

ponents available from your Autolite parts source.

NO CRANK

SLOW CRANK

NOISY

1. Open field to
terminal connection

2. Loose pole
(armature rub)

3. Foreign material

pole,

4. Grounded or open
armature.

5. Damaged or worn
starter drive.

6. Shift mechanism
worn or inoperative.

7. High mica on
armature.

8. Glazed
commutator.

9. No point air gap.

10. Grounded field
circuit.

11. Cracked/broken
drive housing.

between armature and

1. Loose pole
(armature rub)

2. Foreign material
between armature
and pole (pole rub)

3. Worn bearings
(pole rub)

4. Open field coil.

5. Grounded field
coil.

6. Shorted field coil.

7. Grounded insulated
brush holder and/or
brush heads.

8. Grounded armature

9. Open armature

10. Broken or weak
brush springs.

11. Glazed
commutator.

12. Cracked/broken
drive housing.

1. Loose pole
(armature rub)

2. Foreign matenial
between armature
and pole.

3. Damaged or worn
starter drive.

4. Damaged or worn
ring gear.

5. Worn bearings
(pole rub).

6. Cracked 'broken
drive housing.

7. Cocked or
misaligned on
engine

DISASSEMBLY AND INSPECTION

1. Check for clearance of cover band and plunger cover
at starter field terminal. Check for clearance between
plunger cover and movable pole and lever assembly.
Check drive pinion for chipped or broken teeth and
drive clutch drag condition. A drive with little drag, no
drag, or rough drag action is a probable slipping drive.

2. Remove cover band and plunger cover. Actuate plunger
lever manually to check freedom of action. Examine
switch connections to field and ground; switch contact
gap while lever is seated on frame.

3. Examine brush leads for grounding to frame, brush
holder or brush springs. Examine brush leads for rub-
bing against commutator. Using a small wire hook, re-
move brushes from holders,

4. Remove through bolts. examining each one for evidence
of grounding to field coil connecting straps (burn spots
on bolt).

8. Remove drive and housing, examine for physical dam-
age such as cracks or fractures, excessive bearing wear

or any bearing movement.

B. Remove brush end plate and check brush holders for
tightness, insulators for cracks. Burn marks around
brush holder rivets indicate a grounded brush holder.

7. Remove lever pin and lever. Check pin for pits or
blackened condition which would indicate a lack of
lubrication on the hinge and pin.

8. Remove armature and check for evidence of pole rub
on the laminations, burned or pitted commutator result-
ing from short brushes or a burned spot which would
indicate an open armature winding.

8. Remove drive assembly and check condition of shaft
splines. drive flange and general condition.

10, Examine general condition of frame assembly, brushes,
brush leads, field coils and connecting straps for physi-
cal evidence of overheating. grounds, or shorts.

11. If the problem or defect has not been located by this
point clean the components and conduct individual com-
ponent testing as detailed below.

Cleaning

Use a brush or compressed air to clean the frame and field
coils. armature and drive assembly. Clean the other com-
ponents in solvent and wipe dry.

NOTE: DO NOT CLEAN DRIVE IN SOLVENT




Drive Housing

Curefully inspect the drive housing (figure 1) for broken
or cracked areas and for a damaged or corroded mounting
surface. Inspect the drive housing bushing for excessive
wear or scoring. Replace the drive housing assembly if dam-
aged or if the bushing is worn. Do not attempt to replace
the drive housing bushing. On starters equipped with needle
bearings in the drive housing, check the bearing for flut or
missing needles. Replace the caged needle bearing assembly
if worn or damaged

CORROLSION

cach time a commutator segment that is connected to an
open circuit winding passes beneath a brush. Carefully ex-
amine the armature for evidence of pole shoe rub. If the
armature is scored or galled as shown in figure 3, it is usually
the result of a loose pole shoe, worn bushing in the drive
end housing or brush plate, or a cracked drive end housing.

NEGATIVE VOLIMETER LEAD

\

o o
BRUSH HOLDER INSULAION /

OMN MOUNTING SURFACT

Figure 1 —Drive Housing

TESTING
Brush Plate

Check the brush holders for broken springs and both insu-
lated brush holders for shorts to ground.

1. Connect a jumper cuble from the battery positive post 10
the brush end plate (figure 2).

2. Connect the negative lead of a voltmeter to the negative
battery post.

3. Connect the positive lead of the voltmeter to the insulated
brush holder.

If the voltmeter indicates any voltage the brush holder is
grounded. Replace the brush plate assembly.

4. Check the brush end plate bushing for excessive weur

5. Check the brush plate assembly for broken or cracked
brush holder insulators.

Replace the brush plate assembly in case of broken or
cracked brush holder insulators. Replace the brush plate
bushing if excessively worn.

Armature
Examine the commutator for burned spots which usually
indicate an open circuit. Such spots are caused by arcing

Figure 2—Brush Plate

If visual inspection of the armature indicates it is suitable for
use. make an armature ground test (figure 4).

1. Connect a jumper wire from a |2-volt battery positive
post to the drive end of the armature shaft.

2. Connect the voltmeter negative lead to the battery nega-
tive post and touch the voltmeter positive lead to the
COMmMutator

It the voltmeter indicates any voltage, the armature wind-
ings are grounded and the armature must be replaced.

Check the armature for a short circuit by placing it in a
growler. Hold a thin steel blade (hacksaw blade) parallel
to the core and just above it while slowly rotating the arma-
ture in the growler (figure 5). A shorted armature will cause
the blade to vibrate and be attracted to the core,

Figure 3—Armature Pole Rub



Overhaul Procedures

NEGATIVE
VOLTMETER LEAD °

- Ly /)
/ =g POSITIVE
/ VOLIMETER LEAD
Y

Figure 4—Armature Ground Test

Figure 5—Armature Short Test

Field Coil—Open Circuit Test
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Inspect all coil-to-coil connections, coil to switch con-
nection and the coil to terminal connection for clean
and tight solder joints or welds. Solder all loose connec-
tions using rosin core solder and a 300-watt iron.

. Insulate the field coil and frame assembly from the work-

bench.

3. Using the type of instrument illustrated, turn the volt-
meter range selector switch to the 4.0 volt position and
turn the load control knob fully counterclockwise.

4. Connect a heavy jumper wire from the negative battery
post to the two insulated brushes (figure 6).

5. Connect the negative lead of the voltmeter to the two
insulated brushes and the positive lead of the voltmeter
to the starter terminal,

6. Connect the negative lead of the ammeter to the starter
terminal and the positive lead of the ammeter to the bat-
tery positive post. Be certain that all of the brush leads
and tester leads are insulated from the starter frame.

7. Decrease the resistance by turning the load control knob
clockwise until the voltmeter reads 0.5 volts. The am-
meter should read 100 amps,

If the ammeter reading is 50 amps at 0.5 volts, one of the
field coils or connections is open. Any deviation from the
above readings resulting in higher ampere readings indi-
cates a shorted or grounded field coil or connection, A
lower ampere reading indicates a poor solder connection
resulting in high resistance.

AGRIE A T 1 EAD e

SEGAIVE VOUIMETER LEAD

FOWIVE YOUTMETES LEAD
st LAl

M AIYE Asasal 118 LLAD IMLAATED BRUSHLY

GROUND BRUSSES

INSULAIOR

WO MNin

Figure 6—Field Coil Open Circuit Test

Field Coil—Grounded Circuit Test

To detect grounded field coils or connections proceed as
tollows:

1. Insert an insulator (business card or its t.quwalcnt) be-
tween the switch contacts (figure 7).

2. Disconnect the holding coil ground lead. Hold the field
brushes and the holding coil ground lead away from
starter frame.

3. Connect a jumper wire from the positive battery post to
the starter frame.

4. Connect the positive voltmeter lead to the starter terminal
and the negative voltmeter lead to the negative battery
post.

If the voltmeter indicates any voltage, the field windings are
grounded.

n
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POSITIVE VOLTMETER LEAD

JUMPER CABLE \ NEGATIVE

VOLTMETER LEAD
INSULATED BRUSHES \ ;

GROUND BRUSHES

"HOLD IN® COIL LEAD

INSULATOR BETWEEN CONTACTS

Figure 7—Field Coil Grounded Circuit Test

Terminal Stud

are damaged.

Plunger

exhibits any of the above conditions.

Brushes

BROKEN WELDS

BENT LEVER TANGS brush kit.
[ Switch Contacts
Be certain the switch contacts are properly aligned, have
sufficient spring tension, and are clean. The contacts can
be cleaned with a fine grade of sandpaper. Instructions for
switch contact replacement are contained in the switch re-
Figure 8—Plunger Defects pair Kit.

Check the terminal stud for crossed or stripped threads.
Replace the terminal if it is broken, bent or if the threads

Thoroughly check the plunger lever assembly for the con-
ditions shown in figure 8. Replace any lever assembly which

Replace the starter brushes when they are worn down to
V4 inch. Check for broken or cracked brushes and burnt
or broken brush leads. When brush replacement is neces-
sary, always install a complete set of brushes. Instructions
for starter brush replacement are contained in the starter



Q\rerhaul Procedures

Re-assembly

1. Install the starter terminal, insulator, washers, and re-
taining nut in the frame. Be sure to position the slot in
the screw perpendicular to the frame end surface.

2. Position the coils and pole pieces, with the coil leads
in the terminal screw slot, and then install the retaining
screws (figure 9). As the pole shoe screws are tight-
ened, strike the frame several sharp blows with a soft-
faced hammer to seat and align the pole shoes, then
tighten the screws securely.

3. Install the “hold-in" coil and retainer and bend the tabs
to retain the coils to the frame.

4, Solder the field coil leads to the starter terminal using
rosin core solder and a 300-watt iron. Solder the field
coil lead to the stationary switch contact.

5. Check for continuity and grounds in the assembled coils.

8. Position the new insulated field brush leads on the field
coil terminal. Install the clip provided with the brushes
to hold the brush lead to the terminal. Solder the lead.
clip, and terminal together. using rosin core solder and
a 300-watt iron,

7. Position the “hold-in" coil ground terminal over the
nearest ground screw hole.

8. Position the ground brushes to the starter frame and
install the retaining screws.

Apply a thin coating of Lubriplate 777 (or equivalent)
along the armature shaft splines. Install the starter motor
drive gear assembly to the armature shaft and install a
new stop ring. Install a new stop ring retainer.

10.

1

| X
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14.

15.

16.

Position the fiber thrust washer on the commutator end
of the armature shaft and position the armature in the
starter frume.

Lubricate brush end plate bearing with Lubriplate 777;
position the starter brush end plate to the frame with the
end plate boss in the frame slot.

Position the starter drive lever assembly to the frame
and starter drive assembly, be certain the lever is cor-
rectly positioned over the starter drive flange, and install
the pivot pin. Place a dab of Lubriplate 777 on the pivot
pin.

Position the starter drive lever return spring and the
drive end housing to the frame and install and tighten
the through bolts to specifications (55-75 inch pounds).
DO NOT PINCH THE BRUSH LEAD BETWEEN
THE BRUSH PLATE AND THE FRAME. Be sure
that the stop ring retainer is seated properly in the drive
housing.

Install the brushes in the brush holders.

BE SURE TO CENTER THE BRUSH SPRINGS ON
THE BRUSHES AND POSITION THE BRUSH LEADS
TO INSURE AGAINST GROUNDS AND SHORTS.

Check for switch contact alignment and clearance. Con-
tact air gap—with lever fully seated—should be .020"
to 100"

Position the plunger cover and gasket on the starter and
install the brush cover band. Tighten the band retain-
ing screw.

WRENCH

— ARBOIR PRESS
STARTER FRAME ———————————

_’...-f""-"-'l '|
"W BLDCK

020 10 100

MOVEABLE POLE FULLY SEATED

Figure 9—Field Coil Renlacement

Figure 10—Checking for Switch Contact and Alignment

13
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ENGINE OVERHEATING

All cars and trucks equipped with Air Conditioning and
Automatic Transmissions may overheat while running at
idle for 15 minutes or longer with the air conditioning
operating if the transmission is in DRIVE. Engine over-
heating may be reduced if the automatic transmission
selector is placed in PARK.

NEW FRONT WHEEL BEARINGS

All 1970 Ford Motor Company car lines have a new type
front wheel bearing. The new bearings have an increased
inside diameter because of an increase in the diameter of
the front spindle. The bearings also have an increased
cup angle and a larger number of bearing rollers. however
the diameter of the rollers is smaller.

Because of the new bearing design, they cannot be
installed on spindles of previous models.

TACHOMETER MALFUNCTIONS AT
HIGH ENGINE SPEED-Approx. 6,000
RPM (Boss 302 Mustang)

To prevent accidental over-revving, an electronic engine
RPM limiter is used. This device interrupts the ignition
primary circuit from which the tachometer is triggered.
Whenever the limiter is functioning (approximately 6,000
RPM) the operation of the tachometer is affected and
usually indicates a much lower RPM than actual. This
condition is considered normal and no repair to the
tachometer should be attempted.

PLASTIC INSERTS IN RADIATOR
GRILLE MAY DISTORT UNDER PAINT
DRYING TEMPERATURES (1970 F-100/350)

The radiator grille contains plastic inserts which may dis-
tort in temperatures over 210°F. These inserts must be
removed for paint repairs or they will distort if they are
subjected to heat during the paint drying operation.

HYDRAULIC BRAKE SYSTEM
BLEEDING—ALTERNATE METHOD

(All “C" Series with Hydraulic Brakes—
1957-70 Modeis)

When hydraulic brake system bleeding is required, such
as after brake reline, cylinder overhaul, etc., this alter-
nate method may be used in place of the method outlined
in the truck shop manual.

1. Remove the bleed screw from the slave cylinder
on the brake booster and install the adapter in the
booster bleeder screw hole.

ECHNICAL

-
-

Connect your pressure bleeder to the adapter and
pressurize the system.

3. When fluid starts to overflow the master cylinder
reservoir, depress the brake pedal slightly to block
compensating port. Keep the pedal in this position
with a piece of wood between the pedal and the
driver's seat.

4. Bleed the individual wheel cylinders in the follow-
ing order: (a) Right Rear (b) Left Rear
(c) Right Front (d) Left Front

Use a drain tube and glass container so air bub-
bles can be seen.

5. After all wheel cylinders have been bled, shut off
the bleeder and remove the block from the brake
pedal.

6. Remove the adapter from the booster and install
bleeder screw.

7. Refill the master cylinder with the specified fluid.

PARTS:
Part Number Part Name ] Source
73620 Adapter Bendix Brake
Distributor
73621 Adapter Bendix Brake
| Distributor

ANTI-FREEZE PROTECTION REVISION
(1970 F-100-350, Bronco, Econoline and P-Series)

The anti-freeze protection level for U.S. built vehicles
has been revised to —20°F. Vehicles built in Canada or
built for shipment to Alaska are protected to —35°F, A
tag is attached to the radiator of each vehicle to indicate
the anti-freeze protection. A red tag is for protection to
—20°F. and a tan tag is for —35°F.

COOLING SYSTEM PRESSURE

SPECIFICATIONS
(Bronco, Econoline and all Trucks—1969-1970)

The cooling system pressure specifications shown on page
11-04-01 of the 1969 Truck Shop Manual and on page
24-01-11 of the 1970 Truck Shop Manual should be
corrected as follows:

Cooling System Pressure—PSI
F-100-350, P-Series, Bronco and Econoline 13 psi

500-9000 Series Trucks
(except P-500-5000) ................ 7 psi




NOISE AND/OR POOR FM RECEPTION
WITH AM/FM STEREO RADIO

When diagnosing complaints of noisy or poor FM/FM
stereo reception, be sure to consider the possibility of
customer unfamiliarity with the unique characteristics of
FM broadcast. These characteristics can often result in
noises which may lead the customer to believe that the
radio system is not operating correctly, Therefore, it is
advisable to road-test the vehicle with the customer, if
at all possible over the route where problems are en-
countered, before any repair work is atiempted.

FLUTTER

Flutter can best be described as repeated pops and
hissing bursts heard in the speaker, during an otherwise
good broadcast. Usually this condition exists while travel-
ing in the fringe area of the station. Flutter will become
more severe within approximately 25 miles of the station.
The signal loss will become greater as you drive farther
from the station, until finally noise takes over and vou
can no longer receive the station. Flutter may also be
noticed near the station because of the “line-of-sight”
characteristic of FM radio waves. This condition can
happen when a building or large structure is between
you and the station you are trying to receive (figure 1).

Some FM signal “bends” around the building, but
certain spots have almost no signal. Some of these signal
losses are only a few inches wide and if your car is
parked in one of these “dead spots” you will only hear
noise from the speaker. As you move out of the shadow
of the structure, the station will return to normal. Flutter
will not occur on AM, because the radio waves are much
longer than FM waves.

MULTIPATH CANCELLATION

Another effect caused by the “line-of-sight” character-
istic is called cancellation. This condition exists when the
radio waves are reflected from objects or structures
(figure 2). The noises produced by cancellation are simi-
lar to flutter, with the addition of distortion in the pro-
gram. A more familiar description of cancellation is its
similarity to the multiple ghosts and picture jumping
that occur on television when a low flying plane passes.
The same condition exists in a car, except that a car is
moving and the reflecting structure is stationary. The
reflected signal cancels the normal signal, causing the
antenna to pick up noise and distortion. Cancellation
effects are most prominent in metropolitan areas, but
can also become quite severe in hilly terrain and de-
pressed roadways.

CAPTURE AND OVERLOADING

FM capture is an unusual condition that occurs when
traveling in the vicinity of a broadcast tower. If you are
listening to a weak FM station, when passing the broad-
cast tower a stronger station up or down the radio dial
may capture the weak station. This switch to the stronger
station occurs without changing the radio dial. As you
pass the tower. the station may switch back and forth
a few times before returning to the station that you were
listening to originally. When several broadcast towers are
present (common in metropolitan areas) several stations
may overload the receiver resulting in considerable sta-
tion changing, mixing and distortion. Fortunately this
condition is localized and it will not harm your receiver.
Some overloading may also be noticed on AM, but
usually to a lesser degree.

FM STEREO SENSITIVITY

Because more data is carried in the FM stereo waves
than in the monaural FM broadcasts, flutter, cancella-
tion and capture are even more noticeable, especially in
metropolitan areas, hilly terrain and depressed roadways.

Also, for the same reason, FM stereo broadcast range
averages five miles less than for regular FM.

The 1970 AM/FM Stereo Operating Manual (included
with every vehicle so equipped) should be helpful in ex-
plaining these unique characteristics to the customer. This
manual also includes helpful suggestions on how to
obtain the best possible radio reception.

Figure 2—FM Multipath Cancellation
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COMPLIMENTS OF

YOUR SOURCE FOR GENUINE FORD AND AUTOLITE ORIGINAL EQUIPMENT PARTS

ALERT YOUR
CUSTOMERS TO

350s Y

Autoiite |

SHOCK ABSORBERS

PROMOTE

THE

“BUY 3-

GET

THE 4TH
FREE”

OFFER!

LIMITED TIME OfLY

Alert every one of your customers to Auto-
lite's big money saving shock absorber
value! Display this eye catching, full-color
Autolite poster in your window today!

Remember — you maintain your full profit
margin with Autolite’s Shock Wave '70 offer.
When you buy any 12 Autolite Auto-Flex
shock absorbers, you pay for 9 at your regu-
lar price — and the other 3 are yours abso-
lutely FREE!

ASK FOR DETAILS AT OUR PARTS COUNTER NOW !



